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Figure 1 (Color online) End-of-life treatment pathways for fluoroplastics
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Table 1 (Color online) Common fluoroplastics and their applications
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Figure 3 (Color online) Selective recovery strategies based on energy fields
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Figure 4 (Color online) Radar chart comparing the overall performance of mainstream fluoroplastics recycling pathways
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Fluoroplastics are characterized by exceptionally strong carbon—fluorine (C—F) bonds, which endow them with
outstanding chemical inertness, thermal stability, and excellent dielectric and surface characteristics. These attributes have
made them indispensable in a wide range of high-technology applications. However, this same stability also underlies their
environmental persistence. Discarded fluoroplastics are extremely resistant to degradation under natural conditions and can
accumulate as “persistent pollutants”, posing serious threats to ecosystem integrity and the sustainable use of resources.
Conventional end-of-life disposal methods, such as incineration and landfilling, suffer from significant drawbacks.
Consequently, there is an urgent need to develop efficient, safe, and economically viable recycling technologies that can
convert this challenging waste into valuable resources.

This review provides a comprehensive overview of recent advances in the chemical recycling of fluoroplastics, with a
particular emphasis on strategies based on the controlled cleavage and transformation of their chemical bonds. It begins by
examining the fundamental properties of fluoroplastics, clarifying how the high bond dissociation energy and strong
polarity of the carbon—fluorine (C—F) bond jointly determine both their exceptional performance and their environmental
persistence. The review then systematically discusses two major technological pathways. The first pathway involves non
—selective bond—cleavage approaches, such as conventional pyrolysis, electron—beam heating, and plasma—assisted
gasification. Although their thermal processes can decompose fluoroplastics, they generally lack selectivity and tend to
break C—C and C—F bonds simultaneously, resulting in complex mixtures of fluorinated products, including hazardous
small molecules. The second pathway is more recent and highly promising, centering on the selective activation and
cleavage of the C—F bond itself. This approach encompasses catalytic strategies employing alkali metals, metal
hydroxides, or organometallic complexes, aiming either to mineralize fluorine into stable inorganic salts (e.g., NaF and
CaF,) or to directly convert it into value-added fluorinated reagents. In addition, energy-assisted techniques such as
photocatalysis, photoelectrocatalysis, and mechanochemistry have emerged as powerful tools for achieving efficient
defluorination under much milder conditions. Beyond defluorination, this review also covers recent progress in the
recovery and upgrading/modification of the carbon backbone. These strategies seek to preserve or functionalize the carbon
framework after selective defluorination, enabling the conversion of waste fluoroplastics into high-surface-area porous
carbons or materials bearing new functional groups with enhanced properties, such as improved hydrophilicity or adhesion.
Accordingly, the field is evolving from a sole focus on defluorination toward an integrated paradigm of “fluorine fixation —
fluorine utilization — carbon preservation”. This holistic approach aims to realize closed-loop recycling of fluorine
resources while maximizing the value recovered from the carbon backbone.

In summary, although substantial progress has been achieved at the laboratory scale, several critical challenges still
hinder large-scale implementation. These include the limited adaptability of existing methods to complex, real-world waste
streams containing additives and composite materials; an incomplete mechanistic understanding of ultrafast transformation
processes; and significant gaps in techno-economic analysis and life-cycle assessment. Future research should prioritize the
development of greener and more efficient catalytic systems, the intensification and integration of recycling processes, and
the establishment of relevant standards to bridge the gap between laboratory innovation and industrial deployment. By
addressing these challenges, chemical recycling technologies can pave a sustainable circular-economy pathway for
fluoroplastics, transforming persistent pollutants into valuable sources of chemical feedstocks and advanced materials.

fluoroplastics, chemical recycling, resource recovery, high-value valorization, defluorination
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